A palpable tumour which contracts and relaxes is generally accepted as conclusive confirmatory evidence of symptoms and signs suggestive of hypertrophic pyloric stenosis in infancy. The writer's experience, in common with that of other workers, is that a contractile tumour is present in 98 % of infants with pyloric stenosis examined for the first time over the age of 2 weeks. A detailed study carried out over the past two and a half years suggests that the same significance cannot invariably be attached to the palpation of a contractile pyloric tumour in babies under 2 weeks of age. The purpose of this article is to describe the findings which have given rise to these doubts.
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The term 'tumour' is used throughout as meaning a clinically detectable swelling.
Origin of the Study
The study began as a result of the unexpected finding of a contractile pyloric tumour in a baby girl aged 7 days, reported on account of a tendency to recurrent regurgitation and unsatisfactory weight progress from the third day of life. There were no obvious factors arising in the mother or infant to account for the baby's symptoms which were disconcerting rather than alarming. Regurgitation gradually lessened and eventually ceased with regular daily stomach lavages and without any modification of the feeding routine. A large quantity of mucus was present in the early lavages. Discharged from hospital on the fourteenth day of life, the infant was examined at intervals for a further period of two months. The tumour became less readily palpable at successive examinations, and was no longer detectable two months after the baby had been discharged from hospital. Progress during these two months was symptomless and uneventful.
By what can only be described as sheer coincidence a pyloric tumour was palpated in similar circumstances in another baby within a few weeks of the one described.
Choice of Clinical Material
In view of the above accidental findings it was decided to carry out organized clinical studies on two series of cases, viz.:
A. Infants of less than 14 days of age in whom an unsatisfactory weight progress was associated with pronounced posseting, regurgitation or/and vomiting over a period of more than 48 hours. (Babies with symptoms which might have been contributed to by nasal catarrh, swallowing air, abnormalities of the palate or mandibular joint, or by difficulties related to the mother's nipples and breasts were excluded. No baby with fever, detectable infection or enteritis was included. Constipation was not a feature in any case.)
Twenty-one babies are included in this series. Of them, 18 were born in Leeds Maternity Hospital. Two were admitted to the hospital from their homes and one from a nursing home. Premature babies are not included.
B. A control series consisted of 115 healthy newborn infants who showed uninterrupted progress, and who did not experience any feeding difficulties. All the infants were born at term in the Leeds Maternity Hospital. Their ages at the time of examination ranged from 5 to 7 days. In other respects the babies were unselected, no account being taken of sex, place in family or the method of feeding.
Method of Examination in Hospital
The same procedure was adopted for all infants in series A and B. After lavage of the baby's stomach, abdominal examination was carried out while the baby was being fed. Palpation was begun immediately before the start of a feed, interrupted occasionally to allow the infant to 'break wind', and continued for some little time after completion of the feed. Feeding during the time of examination was invariably by bottle. This procedure was adopted to facilitate examination. The milk given was human or cow's according to that which the baby had been receiving as a routine in the lying-in ward. The results of gastric lavage were noted in every case. All babies were examined and the results recorded independently by a second competent observer.
Methods of Follow-up As indicated below, contractile pyloric tumours were palpated in the majority of infants included in the first series A, and in a proportion of those included in the control series B. Babies in whom a tumour was palpated were re-examined by the writer at intervals extending over a number of weeks or months until such time as the tumour could no longer be felt. In most instances the infant was brought to hospital for re-examination, in which event the procedure followed was similar to that already described. Infants living at a considerable distance from the hospital were visited personally in their homes and examined at the baby's customary feeding time, but preliminary gastric lavage was not practicable.
Infants in whom no tumour was palpated during the time they were in the Maternity Hospital were not followed up personally. They were, however, the subject of follow-up visits by health visitors in the employ of the City of Leeds Maternity and Child Welfare Department.
Observations concerning the Presence or Absence of a Tumour
Examination of the abdomen after gastric lavage facilitates palpation of individual intra-abdominal structures. It is possible to palpate the pylorus in a large number of newborn infants. Palpation throughout the time of a feed facilitates detection of changes in the pylorus which accompany the gradual filling of the stomach.
In a small number of infants the pylorus could not be felt at any time-before, during or after a feed. In others it was recognizable as a short ribbon-like or worm-like structure subject to changes in firmness or tone. Not infrequently a vague sense of soft thickening was felt at intervals at a point in the length of the pylorus. Less A tumour was palpated in 17 of the series. An indefinite localized thickening was felt in two, and the findings were completely negative on examination of two other babies. Peristalsis was seen in all infants in whom a tumour was felt, and in two of those in whom no tumour was detected. A feature of all 21 infants was the large amount of viscid mucus in the gastric lavage.
Three male infants (two first-born and one a second child) were referred to a surgical colleague. In each case operation resulted in the immediate relief of symptoms, the severity and persistence of which had indicated the need for surgical intervention (Fig. 1) infants was limited to gastric lavage. Symptoms subsided within seven to 14 days of onset. All 21 infants were followed up for a period of not less than six months. In no instance was there a return of symptoms. The tumours which were felt in 14 infants, but which were not treated surgically, continued to be palpable after discharge from hospital for a period of time varying from four weeks to three months (Fig. 2) In the total control series of 115 babies a tumour was felt in 16 males (including 13 first-born) and nine females (including five first-born). Mucus in large amounts was a feature of the gastric lavage in 19 of these 25 babies. Of the infants in whom a tumour was felt, 21 were followed up for a period of not less than six months. In 10 of them a tumour was no longer palpable six weeks after discharge from hospital and in the remaining 11 the tumour had disappeared by the age of 3 months.
No tumour was palpable in 90 babies in the series. Large amounts of mucus were a feature of the gastric lavage in only five of these infants. Trace was lost of three babies. One infant (a male and a first child) developed symptoms of pyloric stenosis at the age of 4 weeks and was operated upon at the age of 4i weeks. Not one of the remaining 86 babies had symptoms attributable to primary gastro-intestinal dysfunction in the first six months of life.
Peristalsis of varying degree was seen in 15 infants in whom a tumour was detected and in 40 in whom no tumour was felt. Peristalsis was most pronounced in babies whose gastric lavage contained notably large amounts of mucus.
One of the infants with no tumour in the control series (B), was the twin sister of a male (eleventh) child who was included in the first series (A) and in whom a tumour was readily palpable.
Supplementary Studies X-ray Screening (62 Infants). Sixty-two babies were screened after being given a barium feed. Screening was carried out as a routine at 3 p.m., the infant's last previous feed having been given at 9 a.m. on the same day. The three remaining cases in this group consisted of those submitted to operation. In the two in whom a tumour was subsequently confirmed at operation (Appendix: Baby 3, Series A and Baby 9, Series A) screening showed gross delay in emptying of the stomach with associated distension, but appreciable amounts of barium entered the duodenum within an hour. There were no comments concerning the pyloric antra or pyloric canals. In the third infant in whom no tumour was found at operation (Appendix: Baby 18, Series A) gastric distension was gross and the barium did not begin to leave the stomach for 20 minutes, after which its passage was uninterrupted but markedly slow.
Infants Developing Symptoms of Hypertrophic Pyloric Stenosis after the Age of 2 Weeks. During the period January, 1947, to December, 1954, 23 babies were admitted to general hospitals in Leeds who were (i) born in Leeds Maternity Hospital, (ii) diagnosed at varying times after discharge from that hospital as suffering from hypertrophic pyloric stenosis and (iii) successfully operated on in a Leeds hospital. The routine clinical neonatal records kept during the time these 23 infants were under observation in the Maternity Hospital have been reviewed.
The ages of the 23 babies at the time of discharge from the Maternity Hospital ranged from 10 to 12 days. Histories taken at the time the babies were admitted to general hospitals for operation indicated that symptoms of pyloric stenosis first appeared in four infants after the age of 28 days; in five infants in the fourth week; and in 10 infants in the third week of life. Clinical records made in the Maternity Hospital of these 19 babies revealed that in every case the neonatal progress had been entirely uneventful.
In the remaining four babies the onset of symptoms of gastric obstruction occurred on the fourteenth day of life in two cases and on the thirteenth day in the other two cases. Two of these infants (both breast fed) showed unsatisfactory weight progress. In one of these cases there were no symptoms and in the other there was occasional vomiting which was neither copious nor forceful.
The Henderson's (1942) opinion that gastric motility is much more variable in the newborn than in adults; and of Smith's (1951) Opinions differ concerning the existence of pylorospasm as a separate clinical entity, and it is not mentioned in recent editions of a number of textbooks. Nelson (1954) suggests that pylorospasm is mistakenly applied to those infants in whom frequent and often violent vomiting is to be ascribed to abnormal excitability and overactivity. These were not features of infants studied in this investigation. Parmelee (1954) , on the other hand, gives simple pylorospasm as a condition to be differentiated from pyloric stenosis, but discussing diagnosis states specifically that a tumour is not found in cases of pylorospasm. This opinion agrees with that originally advanced by Thomson (1921) who mentioned that in pylorospasm vomiting sometimes 'recurs at short intervals until the stomach is emptied'-a feature in several of the infants with tumours in the present study.
Wood and Astley (1952) in their study of vomiting of uncertain origin in infants, describe 12 babies in whom they attributed vomiting to pylorospasm. A tumour differing in consistence from that of the tumours of pyloric stenosis was felt in eight of their cases. Five infants were operated upon and found to have no hypertrophy. Wood and Astley do not discuss the possible nature of the tumour felt in these babies, but Astley (1952) is satisfied that infantile pylorospasm is a cause of occasional difficulty in radiological diagnosis. The cases described by Wood and Astley resemble those which are the subject of the present article in the association of a tumour with vomiting attributed to pylorospasm; but they differ in that the babies were older, fretful and in most instances artificially fed. Remembering that this article is concerned with infants of less than 2 weeks of age, there is at least a possibility that one or more of the pyloric tumours operated upon were in fact evidence not of muscular hypertrophy but of muscular spasm. Mention has already been made of the two babies in Series A in whom very small tumours were found at operation (Appendix: Babies 3 and 9, Series A). Clinical diagnosis in each of these cases was one of pyloric stenosis. Immediate and dramatic clinical improvement followed Rammstedt operations. This of itself is not conclusive evidence that the very small tumours consisted of hypertrophied muscle tissue. No less dramatic and no less permanent improvement followed incision of the pyloric sphincter in the case in which no tumour was found at operation (Appendix: Baby 18, Series A). Instances have been reported (Browne, 1931 ; Thompson and Gaisford, 1935) The purpose of this article is not to discuss the aetiology of pyloric stenosis but to stimulate investigation into the incidence and significance of palpable contractile pyloric tumours in the newly born. Although the present investigation consists of no more than a pilot study it is considered that contractile pyloric tumours can be palpated with unexpected frequency in the newly born, and that there is justification for believing that these tumours are usually evidence of muscular spasm and not muscular hypertrophy. The incidence of tumours in Series A and B was high. Were the clinical detection of a tumour evidence of organic muscular changes, it would be reasonable to expect pathological evidence of changes in the pyloric musculature in a proportion of newborn babies dying from whatever cause in the first two weeks of life. No such evidence was forthcoming as a result of Dr. Macgregor's detailed studies.
The significance to be attached to palpable contractile pyloric tumours in the newly born is of importance from the point of view of diagnosis, management and aetiology. That true pyloric stenosis can occur in the early days of life is unquestionable. A limited number of cases have been reported in newly born infants. Nevertheless, the incidence of tumours in the present study is far in excess of the believed incidence of pyloric stenosis in the newborn or, for that matter, in infants of any age. It might be argued that the tumours reported in this article were examples of hypertrophied pyloric musculature undergoing the spontaneous resolution which is known to occur in a proportion of older infants. In the light of experience with older infants, however, it is highly improbable that any organic condition could be capable of such a high incidence of spontaneous resolution. Moreover, it is difficult to visualize resolution of an organic structural condition giving rise to the rapid clinical improvement characteristic of cases in Series A.
No reason can be advanced for the finding that a number of tumours in the present study were palpable for several weeks or months. Persistence was not accompanied by any symptoms. It is interesting to note in this connexion that Caffey (1945) , discussing pyloric stenosis, states that radiological evidence of 'spasm of the antrum and stenosis of the pyloric channel may persist for years after surgical treatment and the complete relief of symptoms'.
Then, too, there is the possible significance of pylorospasm as a precursor or a contributory cause of pyloric hypertrophy. Findings in the present study do not suggest that a connexion exists between spasm and hypertrophy. Of infants with a tumour in the first two weeks of life none developed hypertrophic stenosis; and no tumour was palpated on examination on the eighth day of life in the only infant in the control series who later developed hypertrophic stenosis. Moreover, study of the notes of 23 infants operated on in general hospitals for pyloric stenosis revealed no connexion between progress during the first 12 days of life and the development of obstructive symptoms in later infancy.
Genetic Considerations. The significance of tumours encountered in the newborn is of importance also in relation to genetic studies. Presentday parents include many individuals who have recovered after operative treatment for hypertrophic pyloric stenosis in infancy. If, as has been suggested, heredity plays a part in the causation of pyloric stenosis (Carter and Savage, 1951) an increased incidence of the condition in infants can be expected (Brit. med. J., 1954 (2) Excessive gastric secretion of mucus is suggestive of pylorospasm rather than pyloric stenosis.
(3) Vomiting due to stenosis is usually more severe than that arising from pylorospasm, but this. is not invariable.
(4) Vomiting due to stenosis, although copious, is unlikely to be truly projectile; it tends rather to be deliberate, resembling the flow from the spout of a tilted watering can.
(5) After a feed vomiting due to pylorospasm may occur once, twice or thrice at short intervals, whereas one copious vomit serves to empty a stomach obstructed by true stenosis.
(6) The tumour due to hypertrophic stenosis is harder and contracts more fiercely than that found in cases of pylorospasm; otherwise there is no constant distinguishing feature between tumours encountered in the two conditions.
(7) Recognizing that allowance must be made for exceptions, it can be said that in general the infant with pylorospasm fails to progress over a period of a few days while the condition of the baby with pyloric stenosis deteriorates progressively but not necessarily with great rapidity. Noticed to be exceptionally 'mucousy' from birth, excess mucus giving rise to retching and coughing. Offered breast and later expressed breast milk; all feeds exceeding 1 oz. in amount were immediately vomited. Stools infrequent and small. Admitted to hospital on eighth day of life markedly dehydrated and with weight of 51 lb. Results of gastric lavage contained a very large amount of mucus and undigested curds; feeding followed rapidly by gross distension of stomach and later by forcible 'spouting' vomiting. Pronounced peristalsis; readily palpable, surprisingly large, firm contractile tumour of 'spinning top' shape. X-ray screening showed enormous gastric distension and delay in start of emptying for over 20 minutes. Laparotomy on ninth day of life; no visible tumour but Rammstedt's operation performed. Thereafter uninterrupted progress. Tumour not palpated on re-examination at the age of 1 month (Fig. 4) . Baby 14, Series B. Male, born in hospital, first child, birth weight 7 lb. 1 oz. Uneventful clinical progress from time of birth to last examination at the age of 4 months. Feeding at the breast throughout.
On sixth day of life tumour palpated size of large pea, rhythmically contractile with filling of stomach, notably firm to point of hardness; no vomiting but considerable mucus in results of gastric lavage. Slight peristalsis. Examined at fortnightly intervals, tumour lessened in size and definition, disappearing at the age of 3 months.
Baby 97, Series B. Male, born in hospital, first child, birth weight 7 lb. 10 oz. Uneventful clinical progress apart from slight nasal catarrh in the second week. Breast feeding throughout.
On seventh day of life readily felt contractile tumoursmall marble in size, spheroidal in shape, gradual contraction and relaxation, firm but not hard, minimal peristalsis. Examined at three weekly intervals, tumour disappeared gradually within six weeks.
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